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Abstract

Introduction: The nature of the relationship between glucose metabolism and occurrence of migraine has not been elucidated precisely. This study
investigated the status of oxidative/antioxidative balance and its relationship with the glucose metabolism in migraineurs to get new points of view

for the underlying oxidative mechanisms.

Materials and methods: Sixty migraineurs and 46 control subjects were included in the study. Oxidative stress index, total oxidant and antioxida-
nt status of both groups were examined in addition to the insulin and HOMA-IR index levels.

Results: HOMA-IR index was significantly enhanced in migraineurs (P = 0.038); similarly oxidative stress index and total oxidant status were higher

in patients compared to the controls (P < 0.001 for both).

Conclusion: This preliminary study shows that oxidative/antioxidative balance shifts towards the oxidative status in migraine. Higher total oxidant
status and elevated HOMA-IR index might play a role in the potential early pathogenesis for migraine.
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Introduction

Migraine is a chronic disorder with complex pat-
hophysiology involving both the metabolism and
neuro-vascular mechanism (1). Associations be-
tween migraine and vascular disorders such as co-
ronary heart disease and stroke have been repor-
ted in previous studies. In addition, an association
has been documented between migraine and vas-
cular diseases such as hypertension and subclini-
cal ischemic brain lesions (2).

In recent years, the idea that glucose metabolism
throughout the body is coordinated by the brain
has gained growing support. Nowadays, there is
growing evidence that alterations in the insulin
and glucose metabolism may be involved in the
pathogenesis of migraine (3). Rainero et al. obser-
ved that insulin resistance is more common in pa-

tients with migraine (4). Moreover, migraine is a di-
sease with a variety of comorbid disorders, includi-
ng diabetes mellitus (5). It has long been under-
stood that blood sugar can have an impact on
migraine disease; indeed the most frequent trig-
gering factor reported by migraineurs is fasting.
Studies suggest that migraine is more likely in sus-
ceptible subjects when there is low insulin recep-
tor activation (6-8). Insulin is also thought to in-
fluence brain metabolism and cerebral blood flow
through insulin receptors, which are found in ma-
ny parts of the brain (9). Interestingly, it is well
known that insulin resistance (IR) is considered to
be a risk factor for neurovascular diseases such as
hypertension and stroke (10).
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In 1976, Robert Turner and Rury Holman develo-
ped the concept that fasting plasma insulin and
glucose levels were determined, in part, by a he-
patic-beta cell feedback loop (11). Many years later,
in 1985, David Matthews published an expanded
and more comprehensive structural model known
as the Homeostasis Assessment Model (HOMA) (12).
In 1998, Jonathan Levy published an updated HOMA
model (HOMA2) which took account of variations
in hepatic and peripheral glucose resistance (13).
On the other hand, the role of free radicals and
oxidative stress in neurological disorders has only
recently been recognized (14). Oxidative stress is
the result of an excessive formation of chemically
unstable by-products, called free radicals, within
the cell (15). Under normal conditions, the cell is
able to destroy the free radicals; however, when
excessive free radicals accumulate, these molecu-
les mount an attack against the cell in search of
chemical stability (16). It is considered that brain
and neural tissue are more susceptible to oxidative
damage than other tissues or organs (17). Enhan-
ced oxidative stress is observed in a number of
acute and chronic diseases of the central nervous
system. Oxidative stress is also believed to play a
role in the pathogenesis of migraine (18).

The main aim of this study was to verify whether
migraineurs have abnormalities of the glucose and
insulin metabolism, at baseline. A secondary aim
was to search for a correlation between serum glu-
cose and/or insulin levels and oxidative balance in
patients with migraine.

Materials and methods

Subjects

Sixty patients (48 female, 12 male; age 34 (25-43)
years) who had presented at the Neurology Out-
patient Clinic of Education and Research Hospital
were prospectively included in the study. The pa-
tients were evaluated and diagnosed by the same
neurologist on the basis of The International Clas-
sification of Headache Disorders, 2nd edition (19).
Forty-six age- and sex-matched healthy controls
(37 female, 9 male; age 35 (26-44) years) were en-
rolled for comparison. The control group consisted
of volunteers from the hospital staff who had ne-
ver had recurrent primary headaches. All the parti-
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cipants belonged to the same ethnic group and
had comparable socioeconomic status. The pa-
tients with migraine, or subjects in the control gro-
up with an unstable medical condition (e.g. cardio-
vascular, hepatic, renal or endocrine disorder) wit-
hin the past 2 years; or the ones using any medica-
tions — e.g. lipid lowering agents or antioxidant
drugs - that could influence the results, were exclu-
ded. Patients were headache-free for at least 24
hours. All subjects had full physical examination
and were asked to complete a general question-
naire and gave informed consent before the onset
of study. The self-limited questionnaires were the
gold standard for measuring disease activity and
functional capacity in patients. The following data
were recorded for each patient: age, sex, age at
onset of disease, number of days with headache
per month (less than 3 days, more than 3-less than
12 days, more than 12 days), severity of headache
(mild, moderate, severe), chronic treatments, alco-
hol consumption, smoking, family history of car-
diovascular disease. Blood pressure was measured
manually with a sphygmomanometer. Hyperten-
sion was defined as systolic blood pressure of at
least 140 mm Hg, diastolic blood pressure of at lea-
st 90 mm Hg, otherwise physician diagnosed
hypertension. Body mass index was calculated as
weight in kilograms divided by height in meters
squared.

This study was performed in accordance with the
ethical standards set by the Declaration of Helsinki
and was approved by the local ethics committee.

Samples

Blood samples were obtained after an overnight
fast. Serum samples were then separated from the
cells by centrifugation for 10 minutes at a centrifu-
gation force of 3000 x g. Glucose and insulin were
measured immediately after sampling. Remaining
serum portions were stored at -80 °C and used to
analyze Total Oxidant Status (TOS) and Total An-
tioxidant Status (TAS).

Measurement of the serum glucose, insulin
and HOMA -IR index

The levels of fasting glucose were determined by
using commercially available assay kits (Abbott
Diagnostics, Abbott Park, lllinois, USA) with an au-
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toanalyzer (Architect ®c16000, Abbott Diagnostics,
Abbott Park, lllinois, USA). Serum insulin levels we-
re measured using an automated chemilumines-
cence autoanalyzer (UniCel® DxI 800 Immunoassay
System, Beckman Coulter, Krefeld, Germany). The
insulin resistance index was calculated on the ba-
sis of fasting values for glycaemia and insulinemia,
according to the homeostasis model assessment
(HOMA): insulin resistance (HOMA-IR) = fasting in-
sulinaemia (mU/mL) x fasting glycaemia (mmol/
L)/22.5 (12).

Measurements of the total oxidant and
antioxidant statuses of serum

The TAS and TOS of the serum were measured by
commercially available kits (Rel Assay® Diagnosti-
¢s, Gaziantep, Turkey) with an autoanalyzer (Archi-
tect °c16000, Abbott Diagnostics, Abbott Park, Illi-
nois, USA), using novel automated colorimetric
measurement methods for both statuses develo-
ped by Erel (20,21). In TAS method, which has a
precision value lower than 3%, antioxidants in the
sample reduce dark blue-green colored 2, 2"-azi-
no-bis (3-ethylbenzthiazoline-6-sulphonic acid)
(ABTS) radical to colorless reduced ABTS form. The
change of absorbance at 660 nm is related with to-
tal antioxidant level of the sample. Using this met-
hod, the antioxidative effect of the sample against
the potent free radical reactions initiated by the
produced hydroxyl radical, is measured. The resul-
ts are expressed as micromolar trolox equivalent
per liter (22,23).

In TOS method, which also has a precision value
lower than 3%, oxidants present in the sample oxi-
dize the ferrous ion—chelator complex to ferric ion.
The ferric ion makes a colored complex with chro-
mogen in an acidic medium. The color intensity,
which can be measured spectrophotometrically, is
related to the total amount of oxidant molecules
present in the sample. The results are expressed in
terms of micromolar hydrogen peroxide equivale-
nt per liter (umol H,0, Equiv. /L) (22,23)

Oxidative Stress Index

The percentage ratio of TOS level to TAS level was
accepted as oxidative stress index (OSI) (24). The
OSl value was calculated according to the followi-
ng formula: OSI (arbitrary unit) = TOS (micromolar

hydrogen peroxide equivalent per liter)/TAS (mic-
romolar trolox equivalent per liter (25).

Statistical analysis

Statistical analyses were carried out using the sta-
tistical software version 11.5.1.0 (MedCalc®, Maria-
kerke, Belgium). In normally distributed groups the
results were presented with mean and SD, other-
wise with medians and interquartile range. Data
on age are presented as median and range. The
significance of the differences between groups
was determined by Student’s unpaired t-test for
normal distributions, and by the Mann-Whitney
U-test in abnormal distributions. Pearson correla-
tion coefficient and Spearman correlation coeffi-
cient were used to test the strength of any associa-
tions between different variables. P values less
than 0.05 were considered statistically significant.

Results

Demographic and clinical data of migraine patien-
ts and controls are summarized in Table 1. The fe-
male migraineurs (81%) dominated the patient
group as expected. Our control group was free of
hypertension making the P value significant auto-
matically. The questionnaire gave us detailed in-
formation about the duration of disease, number
of days with headache attacks in a month, severity
of pain and how effective the headache was in the
migraineurs’ daily life (Table 1).

Compared to the control group, serum fasting glu-
cose, insulin levels and HOMA-IR index were statis-
tically significantly higher (P < 0.001, P =0.026, P =
0.038, respectively) in the patient group. We also
observed that TOS levels and OSI were significan-
tly higher in migraineurs (P < 0.001 for both), as
shown in Table 2. It was interesting to observe that
migraineurs having a headache frequency of less
than 3 days per month (N = 22) showed a lower
HOMA-IR level compared to the ones having a
headache frequency of more than 3 days but less
than 12 days per month (N = 33) (P = 0.050). Stati-
stical analysis showed a weak positive Pearson cor-
relation between TAS and HOMA-IR in the control
group (r = 0.296, P = 0.045); and a weak positive
Spearman correlation between BMI and HOMA-IR
(r=0.282, P =0.030) in the migraine group.
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Migraine patients were divided into two subgrou-  nificant differences between the subgroups, other
ps, namely with-aura (MWA) and without-aura  than a lower fasting glucose level in aura positive
(MWOA) migraineurs. We did not observe any sig-  subgroup (P = 0.015) (Table 3).

TasLe 1. Demographic and clinical data of migraine patients and controls

Patients Controls

Parameter N =60 N=46 P
Age 34 (25-43) 35 (26-44) 0,470
Gender (Male, N) n 10 0,840
Hypertension (N) 9 0 0,001
Smoking (N) 9 12 0,240
History of CVD (N) 22 9 0,080
BMI (kg/m?) 248+34 240+3.5 0,220
Duration of disease 6.0£5.1 -

Headaches in a month, days less than 3 to more than 12 less than 3

Severity of headaches medium to severe mild to medium

Disability in daily life common very rare

Race Caucasian Caucasian

TaBLE 2. Levels of biochemical parameters in patient and control group of subjects

Parameter Patients Controls p
N=60 N=46

Glucose (mmol/L) 4.51+0.52 4.07 £0.70 <0.001
Insulin (ulU/mL) 6.96 (5.49-8.21) 5.20 (3.60-7.92) 0.026
HOMA-IR (units) 1.23 (0.87-1.53) 0.94 (0.77-1.11) 0.038
TAS (hnmol~Trolox/L) 1.35%+0.15 1.37+0.18 0.483
TOS (umol H,0, Equiv./L) 6.78 (4.38-10.78) 3.53 (2.65-5.65) <0.001
OSI (arbitrary unit) 500 (326-819) 268 (194-388) <0.001

TaBLE 3. Serum fasting glucose, insulin levels and HOMA-IR index, TAS, TOS and OSl levels of migraineurs with and without aura

Parameter MWA MWOA P
(N=11) (N=49)

Glucose (mmol/L) 4.22 (3.93-4.48) 4.56 (4.26-4.89) 0.015
Insulin (IU/mL) 5.69 (3.73-8.56) 7.16 (4.05-11.74) 0.400
HOMA-IR (units) 1.07 (0.57-1.52) 1.23(0.73-2.29) 0.349
TAS (nmol~Trolox/L) 1.34 (1.26-1.43) 1.35 (1.26-1.44) 0.639
TOS(umolH202Equiv./L) 6,54(3.51-12.06) 6,78(4.45-10.51) 0,473
OSl(arbitrary unit) 512(297-824) 494(331-818) 0,730

MWA - migraineurs with aura; MWOA - migraineurs without aura
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Discussion

Chronic oxidative stress may lead to degeneration
of neurons and the degenerative diseases. Thus, it
has been shown that oxygenated free radicals are
able to alter vascular function and to disturb cellu-
lar homeostasis (26). On the other hand, elevated
extra and intracellular glucose concentrations result
in an oxidative stress. Evidence has accumulated
suggesting that diabetic patients are under oxidati-
ve stress and that complications of diabetes seem
to be partially mediated by oxidative stress (27).
The migraineurs in our study had higher basal
plasma insulin levels and raised basal plasma glu-
cose values. A higher basal plasma insulin level
probably causes the basal plasma glucose to rise
until the reduced number of beta cells are stimula-
ted enough to secrete a normal basal insulin level
(28). The increased plasma glucose load further
stresses the remaining beta cells which then have
to operate closer to their maximal capacity in mig-
raineurs (29). Accordingly, McCarty et al. recently
reported that five single-nucleotide polymorphis-
ms within the insulin receptor gene showed signi-
ficant association with migraine (30). In addition,
Gruber et al. investigated the insulin and glucose
metabolism in migraineurs and showed that hype-
rinsulinaemia was associated with migraine and,
furthermore, was correlated with increased nitric
oxide stress (31). The magnitude of the basal plas-
ma insulin gives a measure of the degree of insulin
resistance associated with impaired oxidative ba-
lance (31). Insulin resistance may also be associated
with an intracellular production of free radicals,
which in turn could be responsible for a deteriora-
tion of insulin action, thus leading to a vicious cir-
cle (32). In a recent study, Bourquard et al. provided
evidence that factors secreted by activated pa-
raoxonase 2-deficient macrophages - an enzyme
with undefined antioxidant properties and protec-
ts against atherosclerosis - are capable of altering
insulin signaling consistent with that observed in
vivo. (33). Indeed, metabolic disturbances and oxi-
dative stress seem to be tightly related, an impro-
ved glycemic control being associated with a lowe-
ring of the prooxidant status.

We have found higher levels of plasma total oxida-
nt status and higher OSls in migraine patients com-

pared to the control subjects. Moreover, the mig-
raineurs having a headache frequency of less than
3 days per month in our study showed a lower HO-
MA-IR level compared to the ones having a hea-
dache more than 3 but less than 12 days per mon-
th. Similarly, in a recent study, Alp et al. found OSI
to be significantly increased, and total-SH and TAS
to be decreased in patients with migraine. They al-
so detected significant negative correlations be-
tween total-SH levels and the duration of headac-
hes in the patient group (34). Disorders of oxidant-
antioxidant balance underlie a number of acute
and chronic diseases of the central nervous system
including epilepsy and migraine (35). A relation-
ship between glucose concentration and oxidative
stress has been shown in cultured cells. Several
mechanisms seem to be involved in the develop-
ment of an oxidative stress in the presence of ele-
vated glucose concentrations, namely glucose au-
toxidation, protein glycation, advanced glycation
end products (AGE) formation. As glycated protei-
ns, AGEs are also able to produce oxygenated free
radicals via complex biochemical mechanisms (36-
38). In addition, glucose is reduced by the aldose
reductase into sorbitol which is oxidized to fructo-
se by the sorbitol dehydrogenase. NADPH is requi-
red for the activity of aldose reductase. Therefore,
an enhancement of the polyol pathway results in
an intracellular depletion of NADPH (39). Antioxi-
dant enzymes such as glutathione reductase whi-
ch regenerate reduced glutathione need NADPH.
Thus, an intracellular depletion of this cofactor, by
decreasing the activity of glutathione reductase
(TAS component), decreases the intracellular con-
tent of reduced glutathione, which constitutes an
important factor for the protection towards oxyge-
nated free radical-induced damages (40,41).
Possible sources of oxidative stress in migraine
subjects (enhanced HOMA index) include an in-
creased production of radical oxygen species, es-
pecially from glycation or lipoxidation processes,
and decreased enzymatic or non-enzymatic an-
tioxidant defense system (42-45).

To conclude, our study provides evidence for a
possible mechanism linking impaired glucose me-
tabolism and enhanced oxidative stress index in
migraineurs.

Potential Conflicts of Interest: None declared.
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Poremecena oksidacijska ravnoteza i povezanost s koncentracijom glukoze i
inzulina u krvi te HOMA-IR indeksom kod migrene

SaZetak

Uvod: Priroda veze izmedu metabolizma glukoze i pojave migrene jo$ nije precizno razjasnjena. Ovo istraZivanje ispituje status ravnoteze odnosa
oksidansa i antioksidansa u organizmu te njenu vezu s metabolizmom glukoze kod bolesnika s migrenom kako bi se dobila nova saznanja o oksi-
dacijskim mehanizmima u pozadini.
Materijali i metode: U ovom je istraZivanju sudjelovalo Sezdeset (60) ispitanika s migrenom i cetrdeset i Sest (46) kontrolnih ispitanika. Kod ob-

je skupine odredeni su indeks oksidacijskog stresa, ukupni oksidacijski i antioksidacijski status kao dodatak odredivanju koncentracije inzulina te
HOMA-IR indeksa (engl. homeostasis model assessment of insulin resistance, HOMA-IR).

Rezultati: HOMA-IR indeks bio je znacajno povisen kod ispitanika s migrenom (P = 0,039); isto su tako indeks oksidacijskog stresa i ukupni oksi-
dacijski status bili visi kod ispitanika s migrenom nego kod kontrolnih ispitanika (P < 0,001 kod obje skupine ispitanika).

Zakljucci: Ovo preliminarno istraZivanje pokazuje kako se ravnoteza odnosa oksidansa i antioksidansa u organizmu_kod migrene pomice prema
oksidacijskom statusu. Moguce je da visi ukupni oksidacijski status i poviseni HOMA-IR indeks imaju ulogu u mogucoj ranoj patogenezi migrene.
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